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I. INTRODUCTION 

The d i r e c t   c o n v e r s i o n   o f   h e a t   t o   e l e c t r i c i t y   w i t h  a reasonable   degree  

o f   e f f i c i ency   and   s impl i c i ty   has   been   t he   p r imary   ob jec t ive  of t hose   i n -  

volved i n  thermionicconvertertechnology f o r   t h e   p a s t   d e c a d e .  A cesium 

g a s   f i l l e d   d i o d e   o p e r a t i n g  a t  r e l a t i v e l y   h i g h   p r e s s u r e s   a p p e a r s   t o   b e   t h e  

most   p romis ing   of   the   var ious   embodiments   t es ted   to   da te .   Unfor tuna te ly ,  

e f f i c i enc ie s   s e ldom  exceed  10% and prac t ica l  power o u t p u t s  are  Q, 5 t o   1 0  

watts/cm2 a t  1700K t o  2000K. 

It is b e l i e v e d   t h a t   t h e   u s e  of   low  work  funct ion  e lectrode materials 

such   as   l an thanum  hexabor ide  (LaB6) may i n c r e a s e   e f f i c i e n c i e s  by a f a c t o r  

of 3 and r e s u l t   i n  power outputs  between  15  and 40 watts/cm2 a t  1700 K. 

Other metal b o r i d e  compounds s u c h   a s  Y B 6 ,  SmB6, T a B 2 ,  and W2B2 a l s o   l o o k  

p r o m i s i n g   a s   e l e c t r o d e   m a t e r i a l s .   U n f o r t u n a t e l y ,   s u r f a c e   p r o p e r t i e s  and 

f a b r i c a t i o n   t e c h n i q u e s  of t h e  metal borides   need  considerably  more  e lucidat ion 
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befo re   an   i n fo rmed   a s ses smen t   o f   t he   an t i c ipa t ed  improvement i n   o p e r a t i n g  

parameters   of   thermionic   converters   can  be made. 

The p r imary   ob jec t ive  of t h i s   r e s e a r c h  program i s  t o   e s t a b l i s h   r e l i a b l e  

techniques  of materials f a b r i c a t i o n  and to ga in   unde r s t and ing   o f   t he   bas i c  

s u r f a c e   p r o p e r t i e s   r e l a t i n g   t o   t h e r m i o n i c   c o n v e r t e r   p e r f o r m a n c e  of the   above  

mentioned materials. P a r t i c u l a r   a t t e n t i o n  i s  b e i n g   d e v o t e d   t o   t h e   f a b r i c a t i o n  

of u l t r a   p u r e ,   s i n g l e   c r y s t a l  materials on  which  techniques  of Auger spec- 

t r o s c o p y ,   l o w   e n e r g y   e l e c t r o n   d i f f r a c t i o n   a n d   f i e l d   e l e c t r o n   a n d   i o n   m i c r o s -  

copy   can   be   employed .   In   add i t ion   t o   t he   ana lys i s  of sur face   composi t ion  

and s t r u c t u r e  of t h e   c l e a n   s u r f a c e s ,  a f u r t h e r   o b j e c t i v e  of t h i s   p rog ram  has  

been   t he   measu remen t   o f   t he   k ine t i c s   and   ene rge t i c s  of ces ium  adsorp t ion /  

deso rp t ion .   A l so ,   cons ide rab le   s tudy  is b e i n g   g i v e n   t o   t h e  work func t ion   and  
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e lec t ron   r e f l ec t ion   measu remen t s   o f   c l ean   and   ce s i a t ed   su r f aces .  

T h i s   r e p o r t  is a d e s c r i p t i o n  of t h e   p r o g r e s s  made d u r i n g   t h e   f i r s t  s i x  

months  of t h i s  program. It is c o n v e n i e n t   t o   c a t e g o r i z e   t h e   r e s e a r c h   e f f o r t  

i n t o   t h e   f o l l o w i n g   t a s k s :  

I. Materials Development 

11. Clean   Su r face   Charac t e r i za t ion  

111. Cesiated S u r f a c e   C h a r a c t e r i z a t i o n  

Under the   "C lean   Su r face   Charac t e r i za t ion"   t a sk  we  a re   examining   the  

fol lowing:  

1. Sur face  work f u n c t i o n  

2 .  Surface  composi t ion 

3 ,  Sur face   geomet r i c   s t ruc tu re  

4 .  E l e c t r o n   r e f l e c t i o n   c o e f f i c i e n t  

5. Thermal s t a b i l i t y   o f   t h e   s u r f a c e  

6. Gas a d s o r p t i o n  

With   respec t   to   Task  111, Ces ia t ed   Su r face   Charac t e r i za t ion ,  we are  c a r r y i n g  

out   the  fol lowing  measurements  on t h e   v a r i o u s   m a t e r i a l s :  

1. Work func t ion /ces ium  cove rage   r e l a t ionsh ips  

2. Cesium c o v e r a g e / t e m p e r a t u r e   r e l a t i o n s h i p  

3 .  Cesium  thermal   desorp t ion   k ine t ics  

4 .  E l e c t r o n   r e f l e c t i o n   c o e f f i c i e n t  o f   c e s i a t e d   s u r f a c e s  

5. Cesium  and  oxygen  co-adsorption 

11. Material Fabr i ca t ion   and   Se lec t ion  

The philosophy  of  approach  to material f a b r i c a t i o n   i n   t h i s   s t u d y  i s  t o  

employ  methods t h a t  w i l l  p r o v i d e   t h e   h i g h e s t   p u r i t y   s i n g l e   c r y s t a l   s p e c i m e n s  

p o s s i b l e .  Much of t h e   p r e v i o u s   s t u d i e s   o f   t h e   s u r f a c e   p r o p e r t i e s   o f   t h e  metal 
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b o r i d e  compounds have  been  hampered by  unknown c o n c e n t r a t i o n s  of bu lk  im-  

p u r i t i e s   s e g r e g a t e d  a t  t h e   s u r f a c e  and  by t h e   u s e   o f   p o l y c r y s t a l l i n e   s p e c i -  

mens which   h inder   ana lys i s   o f   the   an iso t ropy   of   sur face   p roper t ies   wi th  

c r y s t a l l o g r a p h i c   o r i e n t a t i o n .  

The rare e a r t h   b o r i d e  compounds w e  s e l e c t e d   f o r   i n v e s t i g a t i o n  were t h o s e  

e x p e c t e d   t o   e x h i b i t  a low  work   func t ion   su r f ace   and   su i t ab le   fo r   s ing le  

c r y s t a l   f a b r i c a t i o n .  From Table I it is n o t e d   t h a t   t h e  RB6 rare e a r t h  

compounds which   form  congruent ly   (as   opposed   to   per i tec t ic ly)  are between 

La  and Eu. I f  w e  assume  tha t  a l o w   v a l u e   o f   i o n i z a t i o n   p o t e n t i a l   f o r   t h e  

rare e a r t h   e l e m e n t   l e a d s   t o  a lower  value of s u r f a c e  work f u n c t i o n ,  L a ,  Sm 

and Eu s t and   ou t  as l i k e l y   c a n d i d a t e s  as low  work f u n c t i o n  RB6 compounds. 

L a t t i c e   c o n s t a n t s  of t h e  RBg compounds are remarkably  independent  of  the 

rare ear th   e lement  as seen  from  Table I.  To d a t e   s i n g l e   c r y s t a l  material 

f a b r i c a t i o n   h a s   b e e n   l i m i t e d   t o   t h e   r a r e   e a r t h   h e x a b o r i d e s ,  

A new era o f   me ta l -bo r ide   s ing le   c rys t a l   f ab r i ca t ion   began   w i th   t he   d i s -  

cove ry   o f   va r ious   s ing le   c rys t a l   shapes   p rec ip i t a t ing   f rom  l i qu id  aluminum. 

The  method c o n s i s t s  of   mix ing   s to ich iometr ica l ly   the   bas ic   e lements  of t h e  

bo r ide  compound, e.g.  powdered B and m e t a l l i c  rare e a r t h  metal, i n   a n   i n e r t  

c r u c i b l e  and hea t ing   in   an   a rgon   a tmosphere   to  - 1500'C. Afte r   coo l ing   t he  

s o l i d  A 1  so lven t  was d i s s o l v e d   w i t h  warm HC1 l e a v i n g   n e e d l e  and p l a t e - l i k e  

s i n g l e   c r y s t a l s  of t h e   b o r i d e  compound.  The d e t a i l s  of t h e   f a b r i c a t i o n   p r o -  

cedures  and r e s u l t s   f o r  L a  and Sm hexabor ide  are given  below. 
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1. Experimental   Procedures 

The f i r s t   m o l t e n  metal f l u x   p r e c i p i t a t i o n  of s i n g l e   c r y s t a l s  

w a s  performed  by P. Lebeau  and J. Eiguras4  and is r e f   e r r e d   t o  as t h e  "Lebeau" 

or   "molten  f lux"  method  of   s ingle   crystal   growth.  The s t a r t i n g  materials i n  

o u r   a p p l i c a t i o n  of t h i s  method c o n s i s t e d  of 60 mesh boron  powder,  ingot 

formed  aluminum,  and m e t a l l i c   c h i p s  of lanthanum  and  samarium.  Table I1 lists 
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TABLE I 

Summary of Rare E a r t h   P r o p e r t i e s  

Element 

Y 

Ba  

L a  

Ce 

Pr  

Nd 

Sm 

Eu 

Gd 

Tb 

DY 

Ho 

E r  

Tm 

Yb 

Lu 

F i r s t  Second 
Ion iz .   Po t .  Ion iz .   Po t .  

(ev)  (ev)  

6.38   12 .23  

5 . 2 1  10.00 

5 .61   11 .43  

6 .54   12 .31  

5.76 

6 .31  

5 .60   11 .4  

5 .67   11 .24  

6 .16   12 .0  

6.74 

6 . 8 2  

6 . 0 8  

5 .81  

6 .22  

6 . 1 5  

1 2 . 1  

14.7 

RB6* RBb* 

P P 

C P 

C P 

C P 

C P 

C P 

C 

P C 

P C 

P C 

P C 

P C 

P C 

C P 

C 

Latt ice  Constant2 
(A) 

4 .113  

4.268 

4.157 

4 .141  

4 .130  

4.128 

4.129 

4.178 

4 .110  

4 .11  

4 .14  

RB6 
M.P. (C)  

2600 

2270 

2715 

2550 

2610 

2610 

2580 

2580 

2510 

P - p e r i t e c t i c  

C - congruent 
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t y p i c a l   i m p u r i t y   l e v e l s   f o r   t h e   s t a r t i n g  materials u s e d   i n   t h e   s i n g l e   c r y s t a l  

p r e p a r a t i o n .  

TABLE I1 

Bulk   Pur i ty   Spec i f ica t ions   o f   the   Var ious  Materials 

Measured  by  Optical   Emission  Spectrographic   Techniques 

Material - -__. I-__ I m p u r i t i e s  (ppm) ~ 

1s & A 1  - N; - 0 c & &  Nd 

Aluminum 3 <1 2 1 e 1   e 1  <1 - <1 <1 - - 
Lanthanum I 300 - 300 - 300 500 300 - - - - - 

I 
- - 

Boron e 2 0  <20  250 <20 <20 <20 <20 100 300 - - - 
Samarium - 100 < ~ O O   < ~ O O  < ~ O O  - c - - 500 300 

! 

* s i n g l e   c r y s t a l s   p r e p a r e d  

The LaB6 s i n g l e   c r y s t a l   g r o w t h s  were performed i n  30 m l  a lumina  boats  

p l a c e d   i n  a r e s i s t i v e l y   h e a t e d   s i l i c o n   c a r b i d e   g l o b a r   h o r i z o n t a l   t u b e  

fu rnace .  The boron w a s  p laced   in   four  4.8 mm d i a m e t e r   h o l e s   b o r e d   i n   t h e  

aluminum ingot  and  the  lanthanum w a s  p laced   on   the   top   cen ter   o f   the   ingot .  

Before  each  run  the  growth  chamber w a s  evacuated   and   backf i l led   to   one  

a tmosphe re   p re s su re   w i th   h igh   pu r i ty   a rgon .  The h e a t i n g  ra te  w a s  from room 

tempera tu re   t o   1500"  C over a pe r iod  of 6 hours   and  maintained a t  1500" C f o r  

8 hours.  Cooling  from  1500" C t o  800" C t ook   p l ace  a t  the   conduc t ive   coo l ing  

rate of t h e   f u r n a c e   o v e r  a p e r i o d   o f   1 . 5   h o u r s ;   f u r t h e r   c o o l i n g   t o  room tempera- 

t u re   occu r red   conduc t ive ly   ove r  a 2 hour   per iod.  

A f t e r d i s s o l v i n g   t h e  A 1  s o l v e n t   w i t h  H C 1  l a r g e   s i n g l e   c r y s t a l  p l a t e l e t s  

(approximately 2 mm square   by   0 .1  mm and.some 1 x 7 x 0 . 1  mm) formed.  Cubic 
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s h a p e s   a l s o  1 t o  2 mm on a s i d e  were a l s o   o b s e r v e d .  In  a d d i t i o n ,   n e e d l e   s h a p e s .  

6 t o  8 mm long  and 0.1 t o  0.2 mm s q u a r e   c r o s s  sect ion were produced. A t y p i c a l  

s e l e c t i o n  of t h e s e   c r y s t a l   s h a p e s  are shown i n   F i g .  1. S i m i l a r   r e s u l t s ,  shown 

i n   F i g .  1, were ob ta ined   w i th  Sm. 

2. Material Evalua t ion  

O p t i c a l   e m i s s i o n   s p e c t r o g r a p h i c   a n a l y s i s   o f   t h e   p r e p a r e d  LaB6 

s i n g l e   c r y s t a l s   i n d i c a t e d , a c c o r d i n g   t o   t h e   T a b l e  I1 summary, t h a t   c r y s t a l  

p u r i t y  w a s  s u p e r i o r   t o   t h e   s t a r t i n g  materials. Subsequen t   su r f ace   ana lys i s  

of t h e   c r y s t a l s   a f t e r   f l a s h i n g   t h e  - 1600 K showed only  La and B. Apparent ly  

e v e n   t h e  A 1  s o l v e n t  is no t   i nco rpora t ed   i n to   t he   g rowing   c rys t a l s  of LaB6.  

Among t h e  p l a t e l e t  shaped   c rys ta l s   could   be   found many t h a t  

exhib i ted   unusua l ly   smooth   sur faces .  No l e d g e s   o r   s u r f a c e   i m p e r f e c t i o n s  

could   be   de tec ted  by SEM i n s p e c t i o n  a t  50 K times f o r   s e v e r a l   o f   t h e s e   c r y s t a l s .  

X-ray d i f f r a c t i o n   p i c t u r e s  of t h e   p l a t e l e t  

s u r f a c e  shown i n   F i g .  2 i n d i c a t e  a (100) d i r e c t i o n   p e r p e n d i c u l a r   t o   t h e  

P la te le t  face.  L i k e w i s e ,   x - r a y   d i f f r a c t i o n   o f   t h e   l o n g i t u d i n a l  

f aces   o f   t he   need le   s t ruc tu res   gave  (100) f a c e s  as shown i n   F i g .  2. Thus 

the   need le   ax i s ,   wh ich  i s  t h e   g r o w t h   d i r e c t i o n ,  is a (100) d i r e c t i o n .  The 

s h a r p n e s s   o f   t h e   x - r a y   d i f f r a c t i o n   s p o t s   i n d i c a t e   r e l a t i v e l y   d e f e c t   f r e e  

s i n g l e   c r y s t a l   s p e c i m e n s .  

From powder  x-ray d i f f r a c t i o n   p a t t e r n s  a l a t t i c e  c o n s t a n t   f o r  

0 

t h e  LaB6 c r y s t a l s  of  4.156 A w a s  o b t a i n e d ;   t h i s  i s  i n   e x c e l l e n t   a g r e e m e n t  

w i t h   t h e   l i t e r a t u r e   v a l u e   o f   4 . 1 5 7  A g i v e n   i n   T a b l e  I. S i m i l a r  x-ray  examin- 
0 

n 

a t i o n  of t he   p repa red  SmB6 c r y s t a l s   g a v e  a l a t t i c e  c o n s t a n t  of 4.132 i a l s o  

i n  good agreement   wi th   the   Table  I l i t e r a t u r e   v a l u e  of 4.129 A.  
0 2  

I n  summary, w e  c o n c l u d e   t h a t   t h e   l i q u i d  metal f l u x   t e c h n i q u e  

of  forming small s i n g l e   c r y s t a l s   o f  LaB6 and SmB6 is s u c c e s s f u l .  The c r y s t a l s ,  
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SmB6 Size LaB 6 Size 

Figure  1. Typ ica l   shapes   and   s i zes  of t h e  LaB6 and SmB6 s i n g l e   c r y s t a l s  

produced by t h e   l i q u i d  aluminum f l u x  technique .  



F i g u r e  2. X-ray d i f f r a c t i o n   p a t t e r n s   o f  (a) t h e   l o n g i t u d i n a l  

f a c e  of a LaB6 n e e d l e   s h a p e   c r y s t a l   a n d  (b) t h e   f a c e  of a LaB6 

s i n g l e   c r y s t a l   p l a t e l e t .  



which  develop  (100)  faces,  are bo th   ex t r eme ly   pu re   and   de fec t   f r ee .  It is  

o u r   e x p e c t a t i o n   t h a t  a l l  t h e  rare e a r t h   h e x a b o r i d e  compounds t h a t ,   a c c o r d i n g  

t o   T a b l e  I, exh ib i t   congruen t ly   me l t ing   hexabor ides  w i l l  f o r m   s i n g l e   c r y s t a l s  

by t h i s   t e c h n i q u e .   I n t e r e s t i n g l y ,  no ev idence   o f   t he   pe r i t ec t i c ly   fo rmed  

t e t r a b o r i d e   s t r u c t u r e s  w a s  o b s e r v e d   i n   o u r   p r e p a r a t i o n s  of LaB6 and SmB6. 

111. Clean   Su r face   Charac t e r i za t ion  

Our s u r f a c e   c h a r a c t e r i z a t i o n   r e s u l t s   t o   d a t e  are conf ined   to   the   (100)  

c r y s t a l   f a c e   o f  LaB6. Four  techniques  employed t o   c h a r a c t e r i z e   t h e   c r y s t a l  

s u r f a c e   p r o p e r t i e s  are 1 )  Auger e l e c t r o n   s p e c t r o s c o p y  (AES) measurement  of 

sur face   composi t ion ;  2 )  mass spec t roscopic   measurement   o f   desorb ing   spec ies ;  

3 )  f i e l d   e m i s s i o n   r e t a r d i n g   p o t e n t i a l  (FERP) t e c h n i q u e   f o r  low  temperature 

work func t ion   measurement   and   re f lec t ion   coef f ic ien ts ;   and  4 )  thermionic  

emission  measurement  of  high  temperature  work  function. 

1. Experimental   Procedures 

Most  of t he   su r f ace   s tud ie s   have   been   pe r fo rmed   i n   an  Ultec 

TBK 250  R/sec  vac-ion pumped vacuum  chamber. A Phys ica l   E lec t ron ic s   Corp .  

c y l i n d r i c a l   m i r r o r   e l e c t r o n   e n e r g y   a n a l y z e r   u s e d   f o r  AES w a s  mounted in t h e  

specimen  chamber. Mounted o p p o s i t e   t o   t h e  AES was an EA1 Corp.  Model  160 

quadrupole   spectrometer   used  for   measuring  the mass spectrum  of  desorbing 

spec ie s   f rom  the   spec imen   su r face .  An i o n  gun w a s  mounted so as t o   a l l o w  

s imul t aneous   i on   spu t t e r ing   and  Auger ana lys i s   o f   the   spec imen.  Mounted 

between  the 4" diameter   v iewing   por t   and   the  AES w a s  a FERP gun  which w a s  

used t o  measure   the  room temperature  work  function  of  the  specimen. The 

FEW method,  which is desc r ibed   e l sewhereY5   i nvo lves   measu r ing   t he   r e t a rd ing  

p o t e n t i a l   I ( V )   c h a r a c t e r i s t i c s  on the   spec imen  us ing  a f i e l d  emitter as  t h e  

e l e c t r o n   s o u r c e .  It has  been shown t h a t   t h e   a b s o l u t e  (as opposed t o   r e l a t i v e )  

w o r k   f u n c t i o n   o f   t h e   c o l l e c t o r   s u r f a c e  is measured  by t h i s  method. I n   a d d i t i o n ,  
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t h e   e l e c t r o n   r e f l e c t i o n   c o e f f i c i e n t  as a func t ion   of   p r imary  beam energy  can 

be measured  by  the FEW technique . '   The   s ize  of t h e   a n a l y z i n g   e l e c t r o n  beams 

f o r   t h e  FEW  and AES measurements w a s  0.8 and . 03  mm r e s p e c t i v e l y .  

T h e   s t u d y   o f   t h e   a d s o r p t i o n   o f   v a r i o u s   g a s e s   o n   t h e   c r y s t a l  

specimens w a s  a c c o m p l i s h e d   b y   i n l e t t i n g   t h e   g a s   t h r o u g h  a V a r i a n   l e a k  valve 

c o n n e c t e d   t o  a s e p a r a t e l y  pumped g a s   i n l e t   s y s t e m .  The p u r i t y   o f   t h e   r e s e a r c h  

g r a d e   g a s e s   u s e d   i n   t h i s   s t u d y   e x c e e d e d  4N and w a s  monitored by t h e  mass 

spec t romete r   du r ing   adso rp t ion .  

The LaB6 p l a t e l e t s  were mounted  on a tan ta lum  shee t   which  w a s  

f i r s t   c o a t e d   w i t h  a th in   l aye r   o f   ca rbon   ( aquadag) .  While t h e   c o a t i n g   o f  

carbon w a s  s t i l l  m o i s t   t h e   c r y s t a l  w a s  p ressed   on   and   hea ted   s lowly   up   to  a 

d u l l   r e d   c o l o r .  The h e a t i n g  w a s  accompl ished   by   ind i rec t   hea t ing   of   the  Ta  

suppor t   w i th  a tungs ten   f i l ament .   Tempera ture   measurements  were made pyro- 

m e t r i c a l l y   u s i n g   a n   e m i s s i v i t y   c o r r e c t i o n   o f  0.86 and  by a W/25% R e  thermo- 

coup le   spo t   we lded   t o   t he  T a  s u p p o r t .  

F o r   f i e l d   e l e c t r o n   m i c r o s c o p e  (FEM) s t u d i e s   t h e   n e e d l e   s h a p e d  

c r y s t a l s  were mechanical ly   held  between two R e  .001" shee t s   t ha t   cou ld   be  

h e a t e d   r e s i s t i v e l y .   S h a r p   p o i n t s   s u i t e d   f o r  FEM s t u d i e s  were formed  on t h e  

ends   o f   t he   need le s  by e l e c t r o c h e m i c a l   e t c h i n g   i n  50% NaOCl/methanol s o l u t i o n  

u s i n g  2 V dc .  

It should  be s t a t ed  t h a t   h i s t o r i c a l l y   t h e   m e t h o d s   o f   m o u n t i n g  

LaB6 on a s u p p o r t   s u i t a b l e   f o r   h e a t i n g   h a v e   n o t   p r o v e n   t o   b e   t o t a l l y   s u c c e s s -  

f u l .  The  problems are 1 )   e x c e s s i v e   d i f f u s i o n   o f  B i n t o   t h e   s u b s t r a t e  a t  h i g h  

temperature,   and 2 )  mismatch of t he rma l   expans ion   coe f f i c i en t s .  R e  has   gener-  

a l l y   b e e n   f o u n d   t o   b e   t h e   m o s t   s u i t a b l e   s u p p o r t   t h a t   e l i m i n a t e s  B d i f f u s i o n .  

We found   t ha t  R e  w a s  a t h e r m a l l y   s t a b l e   s u p p o r t   f o r  LaB6 b u t   t h e   c r y s t a l  must 

b e   m e c h a n i c a l l y   h e l d   t o   t h e  R e  s i n c e   t h e   d i f f u s i o n   b o n d i n g  w a s  no t   adequate .  
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The carbon  f i lm  on Ta a l so   p rov ided   an   adequa te  bond a l though  on   occas ion  

the   ca rbon   f i lm   pee led   o f f   t he  Ta  s u b s t r a t e .  

2. LaB6 Surface  Cleaning 

A s  men t ioned   p rev ious ly   t he   bu lk   pu r i ty  of t h e  LaB6 c r y s t a l s  

w a s  ve ry   h igh ,   t hus  we were h o p e f u l   t h a t   t h e r m a l   c l e a n i n g  of t h e   s u r f a c e  

would be  adequate .  U s e  of AES t o   m o n i t o r   t h e  LaB6 s u r f a c e  showed mainly 0, 

C ,  N ,  and small c o n c e n t r a t i o n s  of A 1  p re sen t   du r ing   t he rma l   c l ean ing .  The 

C u s u a l l y  w a s  p r e s e n t  as CO o r  C 0 2  which  could  be removed  by h e a t i n g  a t  

1200 t o  1300 K. The most   t enac ious ly  bound impur i ty  w a s  0 which  could  be 

removed by h e a t i n g  a t  1690 t o  1700 K. Thus, w e  were a b l e   t o   r o u t i n e l y  ob- 

t a i n   c l e a n   s u r f a c e   c o n d i t i o n s  by f l a s h i n g   t h e   c r y s t a l   t o  - 1700 K.  

Fig.  3 shows t h e   v a r i a t i o n  of AES s i g n a l   s t r e n g t h   ( i n   a t o m i c  

%, u s i n g   t h e   p u r e   e l e m e n t   s e n s i t i v i t y   f a c t o r s   g i v e n  by the   manufac tu re r ,  

P h y s i c a l   E l e c t r o n i c s   C o r p . )   w i t h   c r y s t a l   t e m p e r a t u r e  af ter  exposure   to  

3 x to r r - sec   o f  0,. Only B,  L a ,  0 and a small amount of C were observed 

o n   t h e   s u r f a c e .   N o t i c e   t h a t  0 i s  completely removed a t  ~1600K.   S imul taneous  

with  the  removal   of  0 i s  a n   i n c r e a s e   i n   t h e  B s i g n a l   s t r e n g t h   w h i l e   t h e  

La s i g n a l   l e v e l   r e m a i n s   v i r t u a l l y   u n c h a n g e d .  Based  on t h e   s e n s i t i v i t y   f a c t o r s  

used i n   t h i s   s t u d y ,   w h i c h  are l i s t e d  i n   T a b l e  111, t h e   r a t i o  of B j L a  observed 

f o r  a t h e r m a l l y   c l e a n   s u r f a c e  w a s  2 . 3   t o  2.6.  

3. Oxygen Adsorpt ion  and  Desorpt ion  on LaB6 (100) 

Fig.  4 shows  an AES spectrum  of   the (100) c r y s t a l   f a c e  of LaB6 

b e f o r e   a n d   a f t e r   e x p o s u r e   t o   3 . 0  x t o r r   s e c .  of 0 2 .  The  presence  of   the 

chemisorbed O2 l a y e r   c a u s e d  a r e d u c t i o n   i n   t h e  B/La r a t i o   t o  - 1.3  and  accen- 

t u a t e d   t h e   d o u b l e t   f e a t u r e   i n   t h e  625 e V  La(M ) t r a n s i t i o n .  

Shown i n   F i g .  5 are t h e   v a r i a t i o n s  of t h e  room temperature   work  funct ion 4 

(as  measured by t h e  FEW technique)   and O(510) AES s i g n a l   s t r e n g t h   w i t h  0 2  

IV,?IV,V~IV,V 
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Table  I11 

AES Relative S e n s i t i v i t i e s  Used i n  t h i s   S t u d y  

Normalized t o   U n i t y   f o r   P u r e  Ag 

Element (AES Energy) 

B (179) 

C (271) 

N (381) 

0 (510) 

A 1  (1396) 

C s  (563) 

La (625) 

S e n s i t i v i t y  

0.138 

0.111 

0.365 

1.02 

0.049 

0.097 

0.075 

exposure.  I f  one  assumes  that   the  0 (510) AES s i g n a l   v a r i e s   l i n e a r l y   w i t h  

0 cove rage ,   t hen   t he   va r i a t ion  of work f u n c t i o n  AI$ wi th  0 r e l a t i v e   c o v e r a g e  

0 can   be   ob ta ined  as shown i n   F i g .   6 .  O f  p a r t i c u l a r   i n t e r e s t   i n   F i g .  6 is  

t h e   i n c r e a s i n g   v a l u e  of d $ / d 0   a l m o s t   t o   t h e   s a t u r a t i o n   v a l u e   o f  A$ = 1 . 6  e V  

a r b i t r a r i l y   c h o s e n  as 0 = 1. 

Next, w e  c o n s i d e r   t h e   t h e r m a l   d e s o r p t i o n   k i n e t i c s   o f   t h e  chemi- 

sorbed 0. Much t o   o u r   s u r p r i s e  w e  found, by use  of   the  quadrupole  mass spec- 

t r o m e t e r   t o   m e a s u r e   t h e   d e s o r b i n g   s p e c i e s ,   t h a t   o n l y  a mass 70 product  w a s  

t h e r m a l l y   d e s o r b e d   a f t e r  02 adso rp t ion .  A t y p i c a l   f l a s h   d e s o r p t i o n   s p e c t r a  

of   the mass 70   deso rp t ion   p roduc t  i s  shown i n   F i g .  7 where  2.4 x t o r r - sec .  

of 02 w a s  adsorbed a t  inc reas ing   va lue   o f   t he   subs t r a t e   t empera tu re .  We 

conc luded   t ha t   t he   deso rb ing   spec ie s  w a s  B203. An AES s i g n a l   s t r e n g t h   f o r  

0 (510) v s   t e m p e r a t u r e   f o r  room t empera tu re   adso rp t ion  is a l s o  shown i n   F i g .  

7. The i n c r e a s e   i n   t h e  mass 70  peak  for T > 1800 K i s  d u e   t o   t h e  La peak +I- 

1 5  
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which   ove r l aps   t he  mass 70 peak   and   begins   to   occur   above   1800 K. 

Upon c lose   examinat ion  we found  tha t   adsorp t ion   of  an e q u a l  

s ized   dose   o f  0, g a v e   a n   e q u a l   s i z e d   ( i n  terms of area under   the   curve)  

mass 70 d e s o r p t i o n   p e a k   u n l e s s   t h e   s u b s t r a t e   t e m p e r a t u r e   d u r i n g   a d s o r p t i o n  

exceeded - 1400 K. V a r i a t i o n   o f   t h e   d o s e   s i z e  a t  room temperature  produced 

no change i n   t h e   t e m p e r a t u r e  of t he   peak  maximum i n  Fig.  7 .  T h i s   i n t e r e s t i n g  

and   unusua l   r e su l t  means t h a t   t h e   s t i c k i n g   p r o b a b i l i t y   a n d   r e a c t i o n   e f f i c i e n c y  

t o  form B203 i s  unchanged f o r  T < 1 4 0 0  K. 

4 .  CO Adsorption  and  Desorption on LaB6 (100) 

Preliminary  Auger  and mass spec t romete r   i nves t iga t ions   o f  CO 

adso rp t ion   and   deso rp t ion   have   been   ca r r i ed   ou t .   F ig .  8 shows a c l e a n  and 

CO covered  Auger  spectrum  for LaB6 (100).  I n  c o n t r a s t   t o  0 a d s o r p t i o n ,  CO 

does  not   cause a shape   change   in   the  La  (625 eV) peak. On the   o the r   hand ,  

as shown i n   t h e  expanded C (271 eV) peak   i n   F ig .  8 ,  a s l i g h t   m o d i f i c a t i o n  of 

t he   h igh   ene rgy   s ide  of t h e  C (271 eV) peak w a s  observed. 

Using  the  Table  I11 s e n s i t i v i t i e s  w e  show i n   F i g .  9 t h e   v a r i a t i o n  

in   a tomic   pe rcen t  of the   sur face   composi t ion   upon CO a d s o r p t i o n .  The r a t i o  

of C / O  = 1 .4  t o   1 . 6  and t h e  L a  a tomic  percent  are r e l a t i v e l y   c o n s t a n t   w i t h  CO 

coverage.   Like  the 0 adso rp t ion ,   F ig .  9 shows t h a t   t h e  B Auger s i g n a l   s t r e n g t h  

i s  reduced  by  the  presence of CO. 

F ig .   10  shows t h e   v a r i a t i o n  of t h e  0 (510 eV) Auger s i g n a l  

s t r e n g t h   w i t h  CO a d s o r p t i o n  a t  300 K. A comparison  with  Fig.  5 shows t h a t  

both 0 2  and CO s a t u r a t e   t h e  Auger s i g n a l   s t r e n g t h  a t  an  exposure  between 

2 t o  3 x 10-6  t o r r - s e c .  

Only ve ry   p re l imina ry   s tudy   o f   t he   deso rp t ion  of CO has   been 

c a r r i e d   o u t .   F i g .  11 shows t h e   v a r i a t i o n   o f   t h e   2 8  mass, and C (271)  and 

0 (510)  Auger s i g n a l   s t r e n g t h s   w i t h   s u b s t r a t e   t e m p e r a t u r e   a f t e r  a monolayer 

adso rp t ion   o f  CO.  Because  of  the  simultaneous  change  of  the Auger s i g n a l  
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w i t h   t h e  1400K desorp t ion   peak ,  we c o n c l u d e   t h a t   t h i s   c o r r e s p o n d s   t o   t h e  

removal  of CO. Al though  the   C(271)   Auger   s igna l   d rops   s l igh t ly  a t  1OOOK 

c o i n c i d e n t   w i t h   t h e  l O O O K  28 mass peak ,   ou r   t en t a t ive   conc lus ion  i s  t h a t  

t h i s   d e s o r p t i o n   p e a k  is d u e   t o  CO desorp t ion   f rom  the   carbon  b inder   on   the  

b a c k   s i d e   o f   t h e   c r y s t a l .  

A f u r t h e r   s t u d y   o f   t h e  CO thermal   desorp t ion   and   work   func t ion  

e f f e c t s  on LaB6 (100) w i l l  b e   c a r r i e d   o u t   u s i n g  a pu re  R e  s u p p o r t   s t r u c t u r e .  

Th i s  w i l l  e l i m i n a t e  some o f   t h e   a m b i g u i t y   i n   t h e   f l a s h   d e s o r p t i o n   s p e c t r a .  

5 .  ." Clean- ". " Sur face  Work Function  and  Electron  Emission 

A smooth LaB6 (100) p l a t e l e t   c r y s t a l   w i t h   a n   a r e a  of  0.0256 cm2 

w a s  used  to  measure  the FERP work func t ion   and   thermionic   emiss ion   coef f ic ien ts .  

F igu re  1 2  shows t h e   c r y s t a l   c u r r e n t   v s   t h e  emitter t o   c o l l e c t o r   v o l t a g e   f o r  two 

va lues   o f   vo l t age  V on t h e  mesh e l e c t r o d e   f a c i n g   t h e   c o l l e c t o r .  For Vm = 5 V 

o n l y   t h e   e l a s t i c a l l y   r e f l e c t e d   e l e c t r o n s   ( o r  more cor rec t ly   on ly   the   specu-  

l a r l y   r e f l e c t e d   e l e c t r o n s )  are  r e tu rned   t o   t he   mesh ;   t hus   t he   dev ia t ion   o f  

t he   expe r imen ta l   cu rve   f rom  the   t heo re t i ca l   cu rve  is a measure of t h e  

e l a s t i c a l l y   r e f l e c t e d  R e l e c t r o n s .  On t h e   o t h e r  hand f o r  V = 22 a l l  re- 

f l e c t e d   e l e c t r o n s   a r e   r e t u r n e d   t o   t h e  mesh. By s u b t r a c t i n g  R f rom  the l a t te r  

r e f l e c t i o n   c o e f f i c i e n t  a v a l u e   o f   t h e   i n e l a s t i c   r e f l e c t i o n   c o e f f i c i e n t  R i s  

ob ta ined .  

m 

e m 

e 

i n  

Both Re and Rin are p l o t t e d   a g a i n s t  p r i m a r y  e l ec t ron   ene rgy  E 
P 

i n   F i g .  1 2 .  Of p a r t i c u l a r   i n t e r e s t  i s  t h e   l a r g e   v a l u e   o f  R as E approaches 

zero.  

e P 

According t o   t h e   t h e o r y  of t h e  FEW technique '   the   onse t   o f   co l lec tor  

c u r r e n t   o r ,  more c o r r e c t l y ,   t h e   v a l u e   o f   t h e   e m i t t e r - t o - c o l l e c t o r   v o l t a g e  20 t o  

30 nV b e l o w   t h e   p e a k   i n   t h e   d e r i v a t i v e   c u r v e  shown i n   F i g .   1 3  i s  t h e   c o l l e c t o r  

work funct ion.   Thus,  a room temperature   work  funct ion of 2.28 2 .03 eV f o r  

LaB (100) i s  measured. 6 
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Figure  1 2 .  The t h e o r e t i c a l  and two expe r imen ta l   va lues   o f   t he   co l l ec to r   cu r ren t   ve r sus  
c o l l e c t o r   v o l t a g e   f o r  two v a l u e s  V of t h e  mesh e l e c t r o d e   f a c i n g   t h e   c o l l e c t o r  
are g iven   fo r   an  La& (100) c o l l e c t o r   c r y s t a l   u s i n g   t h e  FEW t e c h n i q ~ e . ~  Also 
g iven  are the   expe r imen ta l   va lues   o f   t he   e l a s t i c  Re and i n e l a s t i c  Rin r e f l e c t i o n  
c o e f f i c i e n t s  as a func t ion   of   p r imary   e lec t ron  beam v o l t a g e .  

m 



L a  B6 ( 100) + = 2.28eV 

A 

LECTOR VOLTAGE  (VOLTS) 
I 1 

; I .8 2.0 2.2 2.4 2.6 2.8 3 .O 3.2 3.4 
1 I I I I I I I I I I 1 

6 

Figure 13. Curve shows t h e   d e r i v a t i v e  of t he  Vm = 5 V r e t a r d i n g  potential curve 
of Figure 1 2 .  



According   to   thermionic   emiss ion   theory7   the   emi t ted   cur ren t  

d e n s i t y  J i s  g iven   by   the   so-ca l led   Richardson   equat ion:  

-$/kT 
J = (1-R) 120 T2e  

where R is t h e   r e f l e c t i o n   c o e f f i c i e n t  a t  t h r e s h o l d .   I f   a n  e lec t r ic  f i e l d  

F = BV i s  a p p l i e d   t o   t h e  emitter s u r f a c e   t h e n  

0-1 1 / 2  
where f3 is  i n  A u n i t s .  Thus a "Schottky" p l o t  of I n  J v s  V a t  cons t an t  

T w i l l  a l l o w   e x t r a p o l a t i o n   o f   t h e   c u r r e n t   t o  V = F = 0. In   add i t ion ,   shou ld  

t h e  work func t ion   have  a l i n e a r   t e m p e r a t u r e   c o e f f i c i e n t  of the  form 

= @o + a T  

then  the  Richardson  equat ion  becomes 

a / k  -@o/kT 
J = (1-R) 120  T 2 e  e 

Thus ,   t he   dev ia t ion   o f   t he   p re -exponen t i a l   f ac to r   f rom 1 2 0  A/cm2-K2 is o f t e n  

taken  as a measure  of a i n  Eq. ( 3 ) .  

S c h o t t k y   p l o t s   a c c o r d i n g   t o  Eq. (2) were measured f o r  a LaB6 

(100)   c lean  crystal   between  1400  and  1800 K. The r e s u l t s  o f   t h e   z e r o   f i e l d  

e m i s s i o n   c u r r e n t   p l o t t e d   a c c o r d i n g   t o  Eq .  ( 4 )  are g i v e n   i n   F i g .  1 4  where 

$o = 2.47 - + .05 e V  and a = 1 .25  x eV/deg. A s  sugges ted  by t h e   F i g .   1 2  

r e s u l t s  a va lue   o f  1-R = 0.5 w a s  u sed .   No t i ce   t ha t  J = 33 A/cm2 a t  F = 0 

a d T  = 2000 K. 
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Figure  14 Curve shows a plot  of  the  zero  field  emission  current  versus 1 / T  for a 
LaB6(100) s ingle   crysta l   surface .  The various  emission  coefficients  are 
given. 
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I V .  Ces i a t ed  LaB6 (100)   Surface  Studies  

A pre l imina ry   s tudy  of t h e   e f f e c t   a n d   k i n e t i c   b e h a v i o r   o f  C s  on LaB6 

(100)  has  been  carried  out.   The C s  sou rce   cons i s t ed   o f  a mixture  of  Si/Cs2CrOb 

which, when heated,   undergoes a chemical r e a c t i o n   t o   g i v e   f r e e  C s .  We found 

i t  d i f f i c u l t   t o  remove a l l  traces of CO from t h i s   s o u r c e  and  plan  to   employ 

a d i f f e r e n t   s o u r c e   i n   f u t u r e  work. A f u r t h e r   c o m p l i c a t i o n  is t h a t  C s  is 

appa ren t ly   ve ry   mob i l e  on LaB6 a t  room temperature .   Thus  the  carbon  support  

f i lm,   which  has  a h i g h   a f f i n i t y   f o r  C s ,  t e n d e d   t o   a c t  as a n   i n f i n i t e   s i n k  

f o r   t h e  C s  adsorbed  on  the LaB6 surface.   This   problem w i l l  b e   r e c t i f i e d  

by employing a pu re  R e  s u p p o r t   s t r u c t u r e   a n d   l i q u i d  N p  c o o l i n g   c a p a b i l i t i e s  

for   the   spec imen.  

F ig .  15 shows t h e  Auger  spectrum  and  the FERP d e r i v a t i v e   c u r v e   f o r  a C s  

coa ted  LaB6 (100) c r y s t a l .  The s u r f a c e  i s  obviously  contaminated  with CO 

and w e  cannot  be  sure  whether a s u b s t a n t i a l   f r a c t i o n  of a monolayer of C s  

e x i s t s  on t h e   s u r f a c e .   I n  s p i t e  of these  problems we observed a work f u n c t i o n  

lowering  of 0.9 e V  t o  (I = 1.39 eV.  

Fig.  1 6  shows FERP d a t a   f o r   t h e   c e s i a t e d   s u r f a c e   a f t e r   t h e  same f a s h i o n  

as g i v e n   i n   F i g .   1 2   f o r   t h e   c l e a n   s u r f a c e .   N o t i c e   t h a t   t h e   r e f l e c t i o n  

c o e f f i c i e n t   a t   t h r e s h o l d  is reduced somewhat f rom  the   c l ean   su r f ace .  

Of c o n s i d e r a b l e   i n t e r e s t   t o   t h e r m i o n i c   c o n v e r t e r   u s e  i s  the   thermal  

d e s o r p t i o n   c h a r a c t e r i s t i c s  of C s  from LaB6.  To d a t e   o n l y  a small dose  of Cs 

has  been  thermally  f lash  desorbed  f rom a r e l a t i v e l y   c l e a n   s u r f a c e  as shown i n  
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ure 8. Lower  curve  shows  the  derivative F E h  curved  for  the  cesiated LaB (100) surface. 
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V. EVAPORATION  CHARACTERISTICS  OF LaB6 

An aspec t   o f   cons ide rab le   d i sc repancy  i n  t h e   l i t e r a t u r e  i s  t h e   n a t u r e ,  

and s to i ch iomet ry  of the   evapora t ing   spec ie s   f rom  pu re  LaB6. For  example, 

La f fe r ty , '  Buckingham' and  Oshima, e t  a l ,  lo us ing  similar methods   repor t   an  

a c t i v a t i o n   e n e r g y  of desorption  of  7.3,   3.25  and  4.1 e V  r e s p e c t i v e l y   f o r   t h e  

evapora t ing   spec ies   be l ieved   by  some "11 t o   b e  La.  O t h e r   i n v e s t i g a t o r s ,  

making p h y s i c a l   o b s e r v a t i o n s   o f   t h e  LaB6 specimens  and  evaporat ian  products ,  

conc luded   tha t   evapora t ion   occurs   wi th  a n e a r   s t o i c h i o m e t r i c   r a t i o  of La/B.  

Recent ly ,  a s t o i c h i o m e t r i c   r a t i o  of  atomic La and B i n   t h e   v a p o r   p h a s e   h a s  

b e e n   o b s e r v e d   u n d e r   e q u i l i b r i u m   ~ 0 n d i t i o n s . l ~  The l a t te r  r e s u l t  is  i n   g e n e r a l  

agreement  with  our mass spec t romet r ic   s tudy   of   nonequi l ibr ium  evapora t ion   which  

showed only  atomic La and B i n   t h e   v a p o r   p h a s e   b u t   w i t h  a r a t i o   o f  B/La t h a t  

var ied  f rom 6 t o  3 over   the  temperature   range  1700  to   2000 K. 

10,11,12 

Fig.  18 shows a t y p i c a l   p l o t  of t h e   l o g  of t h e  B1 O+ and B1 '+ mass spec-  

t rome te r   cu r ren t   ve r sus  1 / T  for   evapora t ion   f rom a c l e a n  LaB6 ( 1 0 0 )   c r y s t a l .  

S imi l a r ly   i n   F ig .   19  a t y p i c a l   p l o t  of t h e   l o g  of t h e  La139+ c u r r e n t   v e r s u s  

1 / T  i s  shown. I n   o r d e r   t o   e v a l u a t e   t h e   r a t i o  L a / B  t h e   v a r i a t i o n  of mass 

s p e c t r o m e t e r   s e n s i t i v i t y   w i t h  mass number w a s  f i r s t   d e t e r m i n e d   u s i n g  Hz, Ne, 

A r  and Xe as c a l i b r a t i n g   g a s e s .  A t  t h e   r e s o l u t i o n   s e t t i n g  employed i n   t h i s  

s t u d y   t h e   t r a n s m i s s i o n   f a c t o r   f o r  La l3 ' /B l0  w a s  2 .3  x i n   a d d i t i o n   t h e  

e l e c t r o n   i m p a c t   i o n i z a t i o n   c r o s s   s e c t i o n   c o e f f i c i e n t   r a t i o   f o r  CT / o  = 5.66 

must  be  considered.  Thus  the La  c u r r e n t   i n   F i g .   1 9  is  norma l i zed   t o   t he  B 
+ + 

c u r r e n t   l e v e l  by mul t ip ly ing  by the   a fo remen t ioned   f ac to r s .  

La B 

A l so   g iven   i n   F ig .   19  i s  t h e  B/La  r a t i o   v a r i a t i o n   w i t h   t e m p e r a t u r e .   W i t h i n  

t h e   u n c e r t a i n t i e s  of t h e   v a r i o u s   c o r r e c t i o n   f a c t o r s   a n d   e x p e r i m e n t a l   e r r o r s ,  a 

s t o i c h i o m e t r i c   r a t i o  of B/La 6 is evident   between 1700 and 2000K. 

Table I V  g i v e s   t h e   a c t i v a t i o n   e n e r g i e s   o f  B and L a  d e s o r p t i o n  as ob ta ined  

from  the  var ious  runs  which were p l o t t e d   a c c o r d i n g   t o   F i g u r e s  18 and  19. 
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Figure  18  Plot of the  mass  spectrometer  ion  currents for  the BIO and Bl1  isotopes evap- 
orating from an  LaB (100) crystal  face  as a function of temperature. 6 
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Figure 19. P lo t  of t h e  mass s p e c t r o m e t r i c   i o n   c u r r e n t   f o r  La139 evaporat ing 
from an LaB6 (100) c r y s t a l   f a c e  as a func t ion  of temperature.  
The La cu r ren t   va lues  are normal ized   to   the  mass 1 0  t ransmission 
value  of   the mass spectrometer and are ad jus ted   for   the   change  
in   e l ec t ron   impac t   i on iza t ion   c ros s   s ec t ion .  A t  t h e   t o p  is 
given  the  approximate B/La  r a t i o .  
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W i t h i n   e x p e r i m e n t a l   e r r o r   t h e   a c t i v a t i o n   e n e r g i e s   f o r  B and La  are approxi-  

m a t e l y   t h e  same. heS13 has   ob ta ined  a v a l u e  of 37 e V  f o r   t h e   e n t h a l p y  

of t h e   r e a c t i o n  

a t  2275 K. A s  a c rude   approximat ion   one  may say   t ha t   116   o f   t he   en tha lpy   o f  

t h e   a b o v e   r e a c t i o n   r e p r e s e n t s   t h e  La-B bond energy,  i.e., 6.2 eV.  The la t ter-  

v a l u e ,   w h i c h   r e p r e s e n t s   t h e  minimum v a l u e   f o r   t h e   d e s o r p t i o n   e n e r g y  of  La o r  

B from i ts  su r face ,  is i n   r e a s o n a b l e   a g r e e m e n t   w i t h   t h e   T a b l e  I V  va lues .  

Table  I V  

Summary of t h e   D e s o r p t i o n   A c t i v a t i o n   E n e r g i e s  of La 

and B from a LaBs (100)   Single   Crystal   Face 

Run I (eV) Run I1 (eV) Run I11 (eV) 

La 7 . 1  5.8 6 .1  

B10  7 . 0  6.6 - 

B l  1 7 . 0  6 . 4  - 
- 
ELa = 6.3 5 0.3 e V  

EB = 6.8 - + 0.3 e V  
- 

Based on a n   e x t r a p o l a t i o n  of Ames and   McGrath ' s   par t ia l  p r e s s u r e  d a t a  f o r  B 

and La  to   lower   t empera ture  we g i v e   i n   T a b l e  V t h e   p a r t i a l   p r e s s u r e  and approximate 

evapora t ion  rate of LaB6 a t  four   t empera tures .  The l a s t  column i n   T a b l e  V 

g i v e s   t h e   r a t i o   o f   e m i s s i o n  of e l e c t r o n s   t o   e v a p o r a t i o n   o f  LaB6 p a r t i c l e s   p e r  

u n i t   a r e a .  The l a t t e r   r a t i o   c a n   b e   c o n s i d e r e d  as a f i g u r e   o f  merit when t h e  

b a r e  LaB6 (100) c r y s t a l  is compared wi th   o the r   t he rmion ic  emitters. 
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I' 
TABLE V 

P a r t i a l   P r e s s u r e  and  Evaporation Data f o r  LaB6 

Based  on Ames and  McGrath's Data 13 

T (K) , PLa ( t o r r )  PB ( t o r r )  
Evap. Rate* Ne/NLaB6 

(cm/sec> (e lec t ronla tom)  

2000 3.1 x 10-4 1.86 x 10-3  2.9 x 7.2  x l o2  

1800 1 . 2  x 10-5 7.2 x 10-5 1 .2  x 2.9 x 103 

1600  2.1 x 10-7 1 . 2  x 10-6 2.2 x 10-9 1 . 7  x 104  

1400 1.1 x 10-9 6.5 x 10-9 1 .2  x 10-11 1.8 x 105 

1 / 2  
*Calculated  f rom  the  Langmuir   equat ion,   f lux = P/(2mkT) , and a 

mono laye r   dens i ty   and   t h i ckness   o f  4 . 1  x 1OI5  atoms/cm2  and  4.15 d 
r e s p e c t i v e l y  . 
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